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(57) Abstract: A device for correcting the circumferential 
length of a metal ring comprising a drive roller (2) and a 
driven roller (3) to which a metal ring W can be fixed un- 
der proximate state, a correction roller (4) disposed between 
both rollers, a first displacement imparting means (10) for 
displacing the drive roller (2) and the driven roller (3) in 
the direction separating relatively when the metal ring W 
is fixed to the drive roller (2), the driven roller (3) and ihe 
correction roller (4), means (21, 22) for holding a specified 
interval between the drive roller (2) and the driven roller (3) 
when a displacement imparted by the first displacement im- 
parting means (10) is released, a second, displacement im- 
parting means (27) for correcting the circumferential length 
of the metal ring W by displacing the correction roller (4) 
in a direction for elongating the metal ring W orthogonal to 
the displacing direction of the drive roller (2) and the driven 
roller (3), and means (19) for displacing the drive roller (2) 
and the driven roller (3) in the direction approaching each 
other when a displacement imparted by the first and second 
displacement imparting means (10, 27) is released. 
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(57) An apparatus for correcting the circumferential 
length of a metal ring has a drive roller 2 and a driven 
roller 3 positionable closely to each other for training a 
metal ring W therearound, and a correcting roller 4 dis- 
posed between the drive roller 2 and the driven roller 3. 
The apparatus also has a first displacement applying 
unit for displacing the drive roller 2 and the driven roller 
3 away from each other when the metal ring W is trained 
around the drive roller 2, the driven roller 3, and the cor- 
recting roller 4. The apparatus further includes spacers 
21 , 22 for spacing the drive roller 2 and the driven roller 
3 a predetermined distance from each other when the 
drive roller 2 and the driven roller 3 are released from 
being displaced, a second displacement applying unit 
27 for displacing the correcting roller 4 in a direction per- 
pendicularto the direction in which the drive roller 2 and 
the driven roller 3 are displaced and also to extend the 
metal ring W, thereby to correct the circumferential 
length of the metal ring W, and a third displacement ap- 
plying unit 91 for displacing the drive roller 2 and the 



driven roller 3 toward each other when the drive roller 
2, the driven roller 3, and the correcting roller 4 are re- 
leased from being displaced by the first and second dis- 
placement applying units 10, 27. 
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Description 

Technical field: 

[0001] The present invention relates to an apparatus 5 
for correcting the circumferential length of a metal ring 
for use in a metal belt for a continuously variable trans- 
mission. 

Background art: 10 

[0002] Metal belts for use In continuously variable 
transmissions comprise a plurality of metal rings lami- 
nated together which have slightly different circumfer- 
ential lengths. Heretofore, such a metal belt is manufac- *s 
tured as follows: 

[0003] First, a thin sheet of ultrahigh strength steel 
such as maraging steel is bent into a loop, and has its 
opposite ends welded to each other, producing a ring- 
shaped drum. The drum is then sliced into metal rings 20 
of certain width. The metal rings are rolled into metal 
rings having standard circumferential lengths suitable 
for the respective layers of the metal belt. In this manner, 
as many kinds of metal rings as the number of the layers 
of the metal belt are obtained. 25 
[0004] When the metal rings in those kinds are then 
subjected to a solution treatment, the circumferential 
lengths of the metal rings which have been rolled to the 
standard circumferential lengths suitable for the respec- 
tive layers of the metal belt are varied due to different 30 
treating conditions. Therefore , the metal rings subjected^ m 
to the solution treatment are treated in a circumferential 
lencfBico^^ to ^re^^f^S^^^^^^' 

DiSToTfi^e^eceye layers of the metal ^ 35 
[ObOS] " iTie metal rings w in the 

circumferential length correcting process are then aged 
and nitrided to increase their hardness. The metal rings 
of the kinds having their circumferential lengths, which 
are slightly different from each other, corrected into the 40 
standard circumferential lengths suitable for the respec- 
tive layers of the metal belt according to the circumfer- 
ential length correcting process are laminated together, 
thus producing a metal belt for a continuously variable 
transmission. 45 
[0006] When the metal belt is thus manufactured, if 
the variations of the circumferential lengths which have 
been caused by the solution treatment are left uncor- 
rected, then many metal rings remain uncombinable 
with other metal rings at the time metal rings of different so 
kinds are laminated together. Since the ultrahigh 
strength steel such as maraging steel is expensive and 
hence metal rings need to be manufactured with as high 
a yield as possible, the circumferential length correcting 
process is highly important for producing metal belts for 55 
continuously variable transmissions. 
[0007] The applicant has already proposed an appa- 
ratus for ^erTorrriing the above circumferential lengthy 



correctin gprocess as disclosed in JapweseJ$kLaj2m 
ISSI^ FIG. 15 

of the accompanying drawings, the disclosed circumfer- 
ential length correcting apparatus 101 has a drive roller 

102 and a driven roller 103 for training a metal ring W 
therearound, and a correcting roller 104 disposed in a 
position intermediate between the drive roller 1 02 and 
the driven roller 103. 

[0008] The drive roller 1 02 is rotatably supported by 
a drive roller support member 1 06 fixedly mounted on a 
base 105 of the circumferential length correcting appa- 
ratus 101 . The drive roller 102 is coupled by a coupling 
mechanism, not shown, to a drive motor 1 07 which is a 
rotational drive source disposed behind the base 105. 
A guide block 1 09 is horizontally slidably mounted in en- 
gagement with a guide rail 108 fixedly mounted on the 
base 1 05. The guide block 1 09 supports thereon a driv- 
en roller support member 1 1 0 on which the driven roller 

103 is rotatably supported. 

[0009] The drive roller support member 106 and the 
driven roller support member 110 have a pair of spacers 
111,112 disposed respectively thereon and held in abut- 
ment against each other for spacing the drive roller 102 
and the driven roller 103 from each other by a given in- 
teraxial distance. To the driven roller support member 
110, there is connected one end of a wire 1 1 3 extending 
horizontally, whose other end is connected to counter- 
weights 114a, 114b. The counterweights 114a, 114b are 
suspended vertically by rolls engaged by the wire 113. 
After the metal ring W is trained around the drive roller 
102 and the driven roller 103, the driven roller 103 is 
displaced in a direction away from the drive roller 1 02 
under the load of the counterweights 114a, 114b. 
[001 0] A frame 1 1 5 is vertically mounted on an end of 
the base 105 near the drive roller 102, and supports a 
hydraulic cylinder 11 6 on its upper portion. The correct- 
ing roller 1 04 is rotatably supported by a correcting roller 
support member 1 18 which is mounted on the end of a 
piston rod 1 1 7 of the hydraulic cylinder 116. The correct- , 
ing roller 104 is displaceable by the hydraulic cylinder 
116 in directions (vertical directions) perpendicular to 
the directions in which the driven roller 1 03 is displace- 
able. 

[0011] A support column 119 is vertically mounted on 
an opposite end of the base 1 05 near the guide rail 1 08, 
and supports a first displacement sensor 1 20 for detect- 
ing displacements of the driven roller 1 03. A second dis- 
placement sensor 121 for detecting displacements of 
the correcting roller 4 is mounted on the frame 115 which 
supports the hydraulic cylinder 116. 
[0012] The conventional circumferential length cor- 
recting apparatus 101 shown in FIG. 15 operates as fol- 
lows: With the driven roller 1 03 brought closely to the 
drive roller 102, the metal ring W is trained around the 
drive roller 102, the driven roller 103, and the correcting 
roller 104. While the drive roller 102 is being rotated by 
the drive motor 107, the driven roller 103 is displaced in 
the direction away from the drive roller 102 under the 



— AVAILABLE COPY 



SDOCID: <EP 1340560A1 I > 



BNS oaoe 2 



EP 1 340 560 A1 



load of the counterweights 114a, 114b, thus tensioning 
the metal ring W. The displacement sensor 1 20 now de- 



[001 8] By thus correcting the displacement of the cor- 
recting roller 1 04, it is possible to correct the actual cir- 



cumferential length of the metal ring W easily and relia- 
bly into a desired circumferential length with the correct- 
ing roller 104 being displaced only once, and the yield 
of corrected metal rings can be increased. 
[0019] With the above circumferential length correct- 
ing apparatus 101, however, for training the metal ring 
W around the drive roller 1 02, the driven roller 1 03, and 
the correcting roller 104, the driven roller 103 must be 
manually brought toward the drive roller 1 02. The driven 
roller 103 must also be manually brought toward the 
drive roller 1 02 for removing the metal ring W from the 
drive roller 1 02, the driven roller 1 03, and the correcting 
roller 104. Consequently, it has been desirous to fully 
automatize ail the steps of operation of the circumferen- 
tial length correcting apparatus 101. 

Disclosure of the invention: 

[0020] It is therefore an object of the present invention 
to provide a circumferential length correcting apparatus 
which is capable of automatizing all the steps of a proc- 
ess of correcting the circumferential length of a metal 
ring. 

[0021] To achieve the above object, there is provided 
in accordance with the present invention an apparatus 
for correcting the circumferential length of a metal ring, 
comprising a drive roller and a driven roller positionable 
closely to each other for training a metal ring therea- 
round, a correcting roller disposed between the drive 
roller and the driven roller, first displacement applying 
means for displacing the drive roller and the driven roller 
away from each other when the metal ring is trained 
around the drive roller, the driven roller, and the correct- 
ing roller, spacing means for spacing the drive roller and 
the driven roller a predetermined distance from each 
other when the drive roller and the driven roller are re- 
leased from being displaced by the first displacement 
applying means, second displacement applying means 
for displacing the correcting roller in a direction perpen- 
dicular to the direction in which the drive roller and the 
driven roller are displaced by the first displacement ap- 
plying means and also to extend the metal ring, thereby 
to correct the circumferential length of the metal ring 
while the drive roller and the driven roller are being 
spaced the predetermined distance from each other, 
and third displacement applying means for displacing 
the drive roller and the driven roller toward each other 
when the drive roller, the driven roller, and the correcting 
roller are released from being displaced by the first dis- 
placement applying means and the second displace- 
ment applying means. 

[0022] The first displacement applying means com- 
prises a wire having one end connected to one of the 
drive roller and the driven roller and extending horizon- 
tally from the other of the drive roller and the driven roll- 
er, a first counterweight connected to the other end of 



tects a displacement of the driven roller 103. The inter- 
axial distance between the drive roller 1 02 and the driv- 
en roller 103 is determined from the detected displace- s 
ment, and the actual circumferential length of the metal 
ring W is calculated as a function of the interaxial dis- 
tance. The cir^ ^ferentiaUexigth correcting a pparatus 
1 2ij?j^£y!§te§^^ correcting roller 

J04jwh]cJxJs^ I* 

length, from the difference between the determined ac- 
tual circumferential length of the metal ring W and the 
T3esin^ 

[0013]*~ Then, while the drive roller 102 is being rotat- 
ed, the hydraulic cylinder 116 urges and displaces the 
correcting roller 104 upwardly, plastically deforming the 
metal ring W. 

[0014] At this time, the correcting ring 104 urges the 
correcting roller 104 upwardly until the displacement of 
the correcting roller 104 which is detected by the dis- 
placement sensor 121 reaches the calculated displace- 
ment of the correcting roller 1 04, after which the correct- 
ing ring 104 releases the correcting roller 104. 
[0015] Then, the circumferential length correcting ap- 
paratus 101 displaces the driven roller 103 again in the 
direction away from the drive roller 1 02, and calculates 
the actual circumferential length of the metal ring W in 
the same manner as described above. The circumfer- 
ential length correcting apparatus 101 determines the 
difference between the actual circumferential length af- 
ter it has been corrected and the desired circumferential 
length. If the actual circumferential length as corrected 
is in conformity with the desired circumferential length, 
then the above operation is put to an end. 
[0016] If the actual circumferential length as corrected 
is not in conformity with the desired circumferential 
length, then the above operation is repeated based on 
the actual circumferential length and the desired circum- 
ferential length. The circumferential length of the metal 
ring W can thus be corrected into the desired circumfer- 
ential length. 

[0017] In the circumferential length correcting appa- 
ratus 101 , the correcting roller 104 may be. displaced a 
certain distance with respect to the circumferential 
length, which is assumed to be substantially constant, 
of the metal ring W after it has been rolled and subjected 
to the solution treatment. In this case, the circumferen- 
tial length of the metal ring W which is measured after 
the metal ring W has been trained around the drive roller 
102, the driven roller 103, and the correcting roller 104 
is compared with a standard circumferential length that 
is defined for the purpose of design or process manage- 
ment as the circumferential length of the metal ring W 
after it has been rolled and subjected to the solution 
treatment. The displacement of the correcting roller 1 04 
is corrected based on the difference between the com- 
pared circumferential lengths. 
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the wire and suspended vertically by a roll engaging the 
wire for displacing the drive roller or the driven roller 
through the wire, and a table for bearing the first coun- 
terweight upwardly to release the drive roller or the driv- 
en roller from being displaced by the first counterweight. 5 
[0023] While the drive roller, the driven roller, and the 
correcting roller are being released from being dis- 
placed by the first displacement applying means and the 
second displacement applying means, the third dis- 
placement applying means displaces the drive roller, io 
which is stopped against rotation, and the driven roller 
toward each other. The metal ring is then trained around 
the drive roller, the driven roller, and the correcting roller. 
[0024] Then, the drive roller and the driven roller are 
released from being displaced by the third displacement *s 
applying means, and the first displacement applying 
means displaces the drive roller and the driven roller 
away from each other. The drive roller is rotated to keep 
the installed metal ring under tension. " The actua l cir- 
cumfere^ 20 
the interaxial distance between thejdri^ 
(jrjxejLrgller, and a cqrrectjv^ 
based on ^ 

[0025] Then, the drive roller and the driven roller are 25 
released from being displaced by the first displacement 
applying means, and while the drive roller is being ro- 
tated, the correcting rolleM sdisplacedbyJthe second 

displacem ent SBRM0£JIlgg^^^^^ig§^ tne , ££S-££~ 
tjve quantity calculated based on the 9^^^^umfej&_ 30 
^^\^US!J ^^^ JT^s^m^^ti^. second displacement 
appyrngmeans displaces the correcting roller in the di- 
rection perpendicular to the direction in which the drive 
roller and the driven roller are displaced by the first dis- 
; placement applying means and also to extend the metal 35 
ring; /^s a result, the metal ring is plastically deformed 
to jcorTe^^ 

[0026]' When the process of correcting the circumfer- 
ential length of the metal ring is finished, the correcting 
roller is released from being displaced by the second *o 
displacement applying means, and is returned to its 
original position. At the same time, the drive roller and 
the driven roller are displaced again away from each 
other by the first displacement applying means. 
[0027] As described above, the first displacement ap- 
plying means comprises a wire having one end connect- 
ed to the drive roller or the driven roller and a first coun- 
terweight connected to the other end of the wire and sus- 
pended vertically. The displacement of the drive roller 
or the driven roller away from the other under the weight so 
of the counterweight automatically follows the return of 
the correcting roller to its original position by the second 
displacement applying means. 

[0028] When the correcting roller is returned to its 
original position by the second displacement applying 55 
means, the metal ring corrected for its circumferential 
length is thus prevented from being dislodged from the 
drive roller, the driven roller, and the correcting roller. 



[0029] The drive roller is then stopped against rota- 
tion, and the correcting roller is released from being dis- 
placed by the second displacement applying means. 
The drive roller, which is stopped against rotation, and 
the driven roller are displaced again toward each other 
by the third displacement applying means. The metal 
ring corrected for its circumferential length is removed 
from being dislodged from the drive roller, the driven roll- 
er, and the correcting roller, and a new metal ring is 
trained around the drive roller, the driven roller, and the 
correcting roller, after which the above correcting proc- 
ess is repeated. 

[0030] The circumferential length correcting appara- 
tus according to the present invention is capable of fully 
automatizing the process of correcting the circumferen- 
tial length of the metal ring. 

[0031] For correcting the circumferential length of the 
metal ring, the drive roller and the driven roller are dis- 
placed away from each other by the first displacement 
applying means, and thereafter released from being dis- 
placed by the first displacement applying means. Then, 
the correcting roller is displaced by the second displace- 
ment applying means. However, upon displacement of 
the correcting roller, the drive roller and the driven roller 
tend to move abruptly toward each other, possibly into 
collision with each other. 

[0032] According to the present invention, the appa- 
ratus further comprises braking means for preventing 
the drive roller and the driven roller from being abruptly 
moving toward each other when the metal ring is ex- 
tended by the second displacement applying means. 
With the braking means, it is possible to prevent the 
drive roller and the driven roller from colliding with each 
other. 

[0033] In the apparatus according to the present in- 
vention, the second displacement applying means com- 
prises means for displacing the correcting roller along a 
vertical perpendicular bisector of an interaxial line be- 
tween the drive roller and the driven roller which are 
spaced the predetermined distance by the spacing 
means. 

[0034] Since the correcting roller is displaced along 
the vertical perpendicular bisector of the interaxial line 
between the drive roller and the driven roller which are 
spaced the predetermined distance by the spacing 
means, the interaxial distance between the correcting 
roller and the drive roller and the interaxial distance be- 
tween the correcting roller and the driven roller are equal 
to each other at all times. As a result, equal loads are 
applied to the portion of the metal ring which extends 
between the correcting roller and the drive roller and the 
portion of the metal ring which extends between the cor- 
recting roller and the driven roller, Therefore, after the 
circumferential length of the metal ring has been cor- 
rected, its width, wall thickness, and other dimensions 
are highly accurate. 

[0035] If the metal ring is used as a member of a metal 
belt for use in continuously variable transmission, then 
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a standard circumferential length is defined for the pur- 
pose of design or process management as the circum- 



ferential length of the metal ring with respect to each 
layer of the metal belt. The metal ring is produced by 
bending a thin sheet of ultrahigh strength steel such as 
maraging steel into a loop, welding the opposite ends of 
the loop to form a drum, slicing the drum into a ring, and 
rolling the ring to a standard circumferential length for 
the corresponding layer of the metal belt. Metal rings 
thus produced are available in a plurality of as many 
kinds as the number of layers of the metal belt, and 
rolled to slightly different standard circumferential 
lengths given to the respective kinds of the metal rings. 
The actual circumferential lengths of the metal rings are 
varied under different conditions of a solution treatment 
process which follows the rolling process. However, the* 
actual circumferential lengths of the metal rings and the 
standard circumferential lengths thereof are in certain* 
corresponding relation to each other. 
[0036] When metal rings to be corrected for their cir- 
cumferential lengths are supplied in respective kinds, if 
the circumferential length of the metal ring that is sup- 
plied first is known, then it can be substantially corrected 
into the standard circumferential length even if the dis- 
tance that the correcting roller is displaced by the sec- 
ond displacement applying means is constant. In the so- 
lution treatment process, however, a plurality of kinds of 
metal rings may possibly be treated together. 
[0037] When the circumferential length correcting ap- 
paratus is supplied with a plurality of mixed kinds of met- 
al rings to be corrected for their circumferential lengths, 
if the circumferential lengths of the supplied metal rings 
were uniformly corrected, then the corrective quantity 
with respect to a given standard circumferential length 
for a certain metal ring to be corrected for its circumfer- 
ential length might exceed a limit for plastic deformation 
of the metal ring depending on the kind of the metal ring. 
The circumferential length of a metal ring to be corrected 
may be in excess of the given standard circumferential 
length therefor depending on the kind of the metal ring. 
[0038] In view of the a bove drawbacks, the apparatus 

first calculating unit for calculating the actual circumfer- 



ential lengthof the metal ring to be ^ 
cljmferentiallen^th thereof, a selecting unrtJ[or selecting! 
a corrected standard circumferential length correspond- 
ing to the actual circumferential length of the metal ring 
which is calculated by the first calculating unit, and a 
second calculating unit for calculating a corrective quan- 
tity required to correct the circumferential length of the 
metal ring into the corrected standard circumferential 
length, wherein the second displacement applying 
means comprises means for displacing the correcting 
roller according to the corrective quantity calculated by 
the second correcting unit. 

[0039] The first calculating unit calculates the actual 
circumferential length of the metal ring to be corrected 
for the circumferential length thereof. While the actual 
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circumferential lengths of metal rings to be corrected for 
the circumferential lengths thereof are possibly varied 
due to different conditions of "the solution tre^fifTent proc- 
ess following the rolling process, the actual circumfer- 
ential lengths of the metal rings and the standard cir- 
cumferential lengths thereof are in certain correspond- 
ing relation to each other, as described above. 
[0040] The selecting unit selects a corrected standard 
circumferential length corresponding to the actual cir- 
cumferential length of the metal ring which is calculated 
by thefirst calculating unit. When the corrected standard 



circumferential length is selec 
mg unit compares the actual 



I caicufi 
iength^oJ__ 

TfiemeTIT^ 

srandart cjrcjjr^^^ with eacj^othe^j^^ 

culates a corrective quantity required to correct the cir- 
cumfe rential lengt h of the metaf Ting J^JSgJ22SS£l^ 
stan dard^circjjmfe^ e second displace- 

ment applying means displaces the correcting roller ac- 
cording to the corrective quantity calculated by the sec- 
ond correcting unit, thus correcting the circumferential 
length of the metal ring into the selected standard cir- 
cumferential length. 

[0041] Even when the circumferential length correct- 
ing apparatus is supplied with each of a plurality of kinds 
of metal rings to be corrected for their circumferential 
lengths, metal rings of certain kinds and metal rings of 
other kinds which may possibly be treated together in 
the solution treatment process may be supplied directly 
to the circumferential length correcting process carried 
out by the circumferential length correcting apparatus. 
In this case, the corrective quantity with respect to a giv- 
en standard circumferential length for a certain metal 
ring to be corrected for its circumferential length may 
exceed a limit for plastic deformation of the metal ring 
depending on the kind of the metal ring. The circumfer- 
ential length of a metal ring to be corrected for its cir- 
cumferential length may be in excess of the given stand- 
ard circumferential length therefor depending on the 
kind of the metal ring. Thus, it may not be possible to 
obtain a metal ring having a given standard circumfer- 
ential length after it has been corrected for its circum- 
ferential length. 

[0042] In view of the above shortcomings, the appa- 
ratus according to the present invention further compris- 
es a calculating unit for calculating the actual circumfer- 
ential length of the metal ring to be corrected for the cir- 
cumferential length thereof, and a selecting unit for se- 
lecting a corrected standard circumferential length cor- 
responding to the actual circumferential length of the 
metal ring which is calculated by the calculating unit, 
wherein the first displacement applying means compris-, 
es means for releasing the drive roller and the driven: 
roller from being displaced away from each other when 
the actual circumferential length of the metal ring as call 
culated by the calculating unit falls out of a range of thej 
corrected standard circumferential length selected by- 
the selecting unit. | 
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[0043] When the actual circumferential length of the 
metal ring as calculated by the calculating unit falls out 
of the range of the corrected standard circumferential 
length selected by the selecting unit, the circumferential 
length of the metal ring cannot be corrected into the giv- s 
en standard circumferential length. At this time, with the 
apparatus according to the present invention, the first 
displacement applying means releases the drive roller 
and the driven roller from being displaced away from 
each other. Therefore, when the apparatus is supplied 
with a metal ring whose actual circumferential length be- 
fore being corrected falls out of the range of the correct- 
ed standard circumferential length selected by the se- 
lecting unit, the apparatus can reliably discharge the 
supplied metal ring. 

[0044] Metal belts for use in continuously variable 
transmissions comprise a plurality of metal rings lami- 
nated together which have slightly different circumfer- 
ential lengths. Each of the metal rings should preferably 
have a an arcuate cross-sectional shape which is con- 
vex at a center thereof in a transverse direction thereof 
in order to keep the metal rings easily in the laminated 
state. 

[0045] In the apparatus according to the present in- 
vention, the correcting roller should preferably have an 
outer circumferential surface having an arcuate cross- 
sectional shape which is convex at a center thereof in a 
transverse direction thereof. 

[0046] When the correcting roller is displaced by the 
second displacement applying means to correct the cir- 
cumferential length of the metal ring, the arcuate shape 
of the outer circumferential surface of the correcting roll- 
er is transferred to the metal ring, giving the metal ring 
the arcuate shape which is convex at the center in the 
transverse direction. When metal rings each having the 
above arcuate cross-sectional shape are laminated, 
they are easily kept in the laminated state because they 
engage each other at their center. 
[0047] While the metal ring is being processed up to 
the solution treatment process, the metal ring may be 
deformed such that its laterally spaced circumferential 
edges have different circumferential lengths. If the metal 
ring thus deformed were trained around the drive roller, 
the driven roller, and the correcting roller and corrected 
for its circumferential length, then the laterally spaced 
regions of the metal ring would be processed to different 
extents, and the difference between the different cir- 
cumferential lengths might possibly increase when the 
metal ring is subsequently aged or nitrided. With the cor- 
recting roller having the outer circumferential surface 
which is of an arcuate cross-sectional shape that is con- 
vex in the center in the transverse direction, the metal 
ring whose circumferential edges have different lengths 
tends to move from the center of the correcting roller to 
an edge thereof along the arcuate cross-sectional 
shape when the correcting roller is rotated. With the met- 
al ring thus moved, a desired shape may not be imparted 
to the metal ring on the correcting roller, or the metal 



ring may possibly be dislodged from the correcting roller. 
[0048] In the apparatus according to the present in- 
vention wherein the outer circumferential surface of the 
correcting roller has an arcuate cross-sectional shape 
that is convex in the center in the transverse direction, 
the driven roller, which is stopped against rotation, and 
the driven roller are displaced away from each other be- 
fore the correcting roller is displaced by the second dis- 
placement applying means to correct the circumferential 
length of the metal ring. At this time, the relative dis- 
placement of the drive roller and the driven roller imparts 
a load to plastically deform the metal ring to equalize the 
lengths of the circumferential edges of the metal ring, 
with each other. 

[0049] In order to equalize the lengths of the circum- 
ferential edges of the metal ring with each other, the ap- 
paratus according to the present invention may have 
correcting roller tilting means for tilting the axis of the 
correcting roller depending on the difference between 
opposite circumferential edges of the metal ring. 
[0050] With the above arrangement of the apparatus 
according to the present invention, the metal ring is 
trained around the drive roller, the driven roller, and the 
correcting roller, by first bringing the longer circumfer- 
ential edge of the metal ring into engagement with these 
rollers. Then, the correcting roller tiling means tilts the 
axis of the correcting roller in a direction that counters 
the inclination of the metal ring in the transverse direc- 
tion thereof. 

[0051] The correcting roller is then displaced by the 
second displacement applying means to correct the cir- 
cumferential length of the metal ring. Since the correct- 
ing roller is tilted in the direction that counters the incli- 
nation of the metal ring in the transverse direction there- 
of, the metal ring is extended more along the shorter 
circumferential edge thereof than along the longer cir- 
cumferential edge thereof. As a consequence, the dif- 
ference between the lengths of the circumferential edg- 
es of the metal ring is eliminated. The metal ring is thus 
easily corrected to equalize the lengths of the circum- 
ferential edges thereof . 

[0052] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 

Brief description of the drawings: 
[0053] 

FIG. 1 is an elevational view of a circumferential 
length correcting apparatus according to an embod- 
iment of the present invention; 
FIG. 2 is a block diagram of the circumferential 
length correcting apparatus shown in FIG. 1; 
FIG. 3 is an elevational view of a circumferential 
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length correcting apparatus according to another 
embodiment of the present invention; 
FIG. 4 is an enlarged view of a portion of the cir- 
cumferential length correcting apparatus shown in 
FIGS. 1 and 3; 

FIG. 5 is a schematic diagram showing the manner 
in which the circumferential length correcting appa- 
ratus shown in FIGS. 1 and 3 operate; 
FIG^ 6 is a cross -sectional view of a portion of the 
circumferential length correcting apparatus shown 
in FIGS. 1 and 3; 

FIG. 7 is a cross-sectional view of a plurality of metal 
rings laminated together, 

FIGS. 8(a) and 8(b) are cross-sectional views of a 
portion of the circumferential length correcting ap- 
paratus shown in FIG. 1 ; 

FIG. 9 is a view showing a correcting roller tilting 
means; 

FIGS. 10(a) through 10(c) are views showing the 
manner in which the circumferential length correct- 
ing apparatus with the correcting roller tilting means 
operates; 

FIG. 1 1 is a view showing another correcting roller 
tilting means; 

FIG. 12 is a view showing still another correcting 
roller tilting means; 

FIG. 13 is a cross-sectional view of the correcting 
roller tilting means shown in FIG. 12; 
FIG. 14 is a block diagram of the correcting roller 
tilting means shown in FIG. 12; and 
FIG. 15 is an elevational view of a conventional cir- 
cumferential length correcting apparatus. 

Best mode for carrying out the invention: 

[0054] An apparatus for correcting the circumferential 
length of a metal ring (hereinafter referred to as "circum- 
ferential length correcting apparatus") serves to correct 
the circumferential length of a metal ring as a member 
of a metal belt for use in a continuously variable trans- 
mission. The metal ring is produced by bending a thin 
sheet of ultrahigh strength steel such as maraging steel 
into a loop, welding the opposite ends of the loop to form 
a drum, slicing the drum into a ring, rolling the ring, and 
subjecting the rolled ring to a solution treatment. Metal 
rings thus produced are available in a plurality of as 
many kinds as the number of layers of the metal belt. 
Slightly different circumferential lengths are given to the 
respective kinds of the metal rings by the rolling process. 
However, the circumferential lengths of the kinds of the 
metal rings are varied by the solution treatment process 
following the rolling process. It is thus necessary to cor- 
rect the circumferential lengths of the metal rings in or- 
der to produce a metal ring for use in a continuously var- 
iable transmission. 

[0055] The circumferential length correcting appara- 
tus 1 which serves to correct the circumferential length 
of the metal ring W has a drive roller 2 and a driven roller 



3 for training the metal ring W therearound, and a cor- 
recting roller 4 disposed i n a p ositio n intermediate be- 
tween the drive roller 2 and the driven roller 3. 
[0056] The drive roller 2 is rotatably supported by a 
5 drive roller support member 6 fixedly mounted on a base 

5 of the circumferential length correcting apparatus 1. 
The drive roller 2 is rotatabie by a drive motor, not 
shown, which is disposed behind the drive roller support 
member 6. A driven roller support member 8 is horizon- 

10 tally slidably mounted in engagement with a guide rail 7 
fixedly mounted on the base 5. The driven roller 3 is ro- 
tatably supported on the driven roller support member 8. 
[0057] A horizontally extending wire 9 has an end con- 
nected to the driven roller support member 8 and an op- 

15 posite end connected to a first counterweight 10. The 
first counterweight 1 0 is vertically downwardly suspend- 
ed by a roll 13 engaging the wire 9 and rotatably sup- 
ported on a bracket 12 which is mounted on a proximal 
portion of a mount 1 1 vertically disposed on the base 5 

20 near the driven roller 3. The driven roller 3 is dispiace- 
able away from the drive roller 2 when the driven roller 
support member 8 is slid along the guide rail 7 under the 
load of the first counterweight 10. When the first coun- 
terweight 10 is borne upwardly by a table 16 mounted 

25 on the tip end of a piston rod 15 of a cylinder 14 which 
is mounted on a leg 5a of the base 5, the first counter- 
weight 10 releases the driven roller support member 8 
from being displaced under the load thereof. 
[0058] A cylinder 1 9 is mounted on a support column 

30 18 vertically disposed on the base 5 and has a piston 
rod 20 connected to the driven roller support member 8. 
When the first counterweight 10 is borne upwardly by ' 
the table 1 6, releasing the driven roller support member 
8 from the displacement under the weight of the first 

35 counterweight 1 0, the cylinder 1 9 causes the piston rod 
20 to press the driven roller support member 8. There- 
fore, the driven roller 3 is displaceable in a direction to- 
ward the drive roller 2. The drive roller support member 

6 and the driven roller support member 8 have a pair of 
40 spacers 11,12 disposed respectively thereon and held 

in abutment against each other for spacing the drive roll- 
er 2 and the driven roller 3 from each other by a given 
interaxial distance. 

[0059] A displacement sensor 25 having a probe 24 
45 that is displaceable in directions parallel to the directions 
in which the driven roller 3 is displaceable is mounted 
on a support column 23 vertically disposed on the base 
5. The tip end of the probe 24 is urged into abutment 
against the driven roller support member 8 by a spring 
so member or the like, not shown, and displaceable in uni- 
son with the driven roller support member 8 for detecting 
displacements of the driven roller 3. 
[0060] The correcting roller 4 is rotatably supported 
by a correcting roller support member 26. The correcting 
55 roller support member 26 is connected by a coupling 29 
to a ball screw 28 which is coupled to the rotatabie shaft 
of a servomotor 27 mounted on the mount 11 . As a re- 
sult, the correcting roller 4 is displaceable in directions 
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perpendicular to the directions in which the driven roller 

3 is dlsplaceable, by a distance control! ed by the servo- 
motor 27 and the ball screw 28. 

[0061] As shown in FIG. 2, the circumferential length 
correcting apparatus 1 has a controller 31 connected to s 
a motor for rotating the drive roller 2, the cylinder 1 4 for 
moving the table 1 6 to bearing the first counterweight 
10 upwardly, the cylinder 19 for displacing the driven 
roller support member 8 toward the drive roller 2, the 
servomotor 27 for displacing the correcting roller 4, and 10 
the displacement sensor 25 for displacing displace- 
ments of the driven roller support member 8. The con- 
troller 31 has a first calculating unit 32 for calculating the 
actual circumferential length of a supplied metal ring W, 
a selecting unit 33 for selecting a corrected standard cir- 
cumferential length corresponding to the actual circum- 
ferential length of the metal ring W, and a second cal- 
culating unit 34 for calculating a corrective quantity with 
respect to the corrected standard circumferential length. 
[0062] Operation of the circumferential length correct- 
ing apparatus 1 will be described below with reference 
to FIGS. 1 through 2. While the drive roller 2 and the 
driven roller 3 are being stopped against rotation, the 
controller 31 shown in FIG. 2 actuates the cylinder 14 
to move the table 16 upwardly. The table 16 bears the 
first counterweight 1 0, releasing the driven roller support 
member 8 from the load of the first counterweight 10. 
[0063] Then, the controller 31 actuates the cylinder 
1 9 to press the driven roller support member 8, moving 
the driven roller 3 toward the drive roller 2 until the spac- 
er 21 on the drive roller support member 6 and the spac- 
er 22 on the driven roller support member 8 abut against 
each other. 

[0064] A metal ring W of maraging steel which has 
been subjected to the rolling process and the solution 
treatment process is trained around the drive roller 2, 
the driven roller 3, and the correcting roller 4. For exam- 
ple, the metal ring W delivered from the previous proc- 
esses is gripped by one or more pairs of fingers (not 
shown) that confront each other at a certain distance 
therebetween, and trained around the drive roller 2, the 
driven roller 3, and the correcting roller 4. 
[0065] After the metal ring W is trained around the 
drive roller 2, the driven roller 3, and the correcting roller 
4, the controller 31 energizes the drive motor to start 
rotating the drive roller 2, releases the driven roller sup- 
port member 8 from being displaced by the cylinder 1 9, 
and releases the first counterweight 1 0 from being borne 
by the cylinder 1 4. The load from the first counterweight 
1 0 is then imposed on the driven roller support member 50 
8, which is slid along the guide rail 7 to displace the driv- 
en roller 3 away from the drive roller 2. 
[0066] As a result, the metal ring W trained around the 
drive roller2, the driven rolier3, and the correcting roller 

4 is tensioned under the load (e.g., 20 kg) of the first 55 
counterweight 1 0. At this time, the displacement sensor 

25 detects the displacement of the driven roller 3 with 
the probe 24, and supplies the detected displacement 
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to the controller 31 . From the displacement to the con- 
troller 31 detected by the displacement sensor 25, the 
first calculating unit 32 of the controller 31 determines 
the interaxial distance between the drive roller 2 and the 
driven roller 3, and calculates the actual circumferential 
length of the metal ring W as a function of the deter- 
mined interaxial distance. 

[0067] The circumferential length correcting appara- 
tus 1 may occasionally be supplied with a plurality of 
mixed kinds of metal rings W which have been subjected 
to the solution treatment process following the rolling 
process, but not corrected for their circumferential 
lengths. The circumferential length correcting apparatus 
1 enters the actual circumferential length of the metal 
ring W which has been calculated by the first calculating 
unit 32 into the selecting unit 33. 
[0068] The actual circumferential lengths of metal 
rings W are varied because of different treating condi- 
tions of the solution treatment process. However, since 
the metal rings W have been given standard circumfer- 
ential lengths for the respective kinds thereof which cor- 
responds to the respective layers of the metal belt in the 
rolling process, the actual circumferential lengths of the 
metal rings W and the standard circumferential lengths 
thereof are in certain corresponding relation to each oth- 
er even though the actual circumferential lengths of the 
metal rings W are varied due to the solution treatment 
process. 

[0069] The selector 33 selects a standard circumfer- 
ential length corresponding to the actual circumferential 
length of the metal ring W which has been calculated by 
the first calculating unit 32. The second calculating unit 
34 then compares the actual circumferential length of 
the metal ring W with the selected standard circumfer- 
ential length, and calculates a displacement to be given 
to the correcting roller 4 which is required to correct the 
circumferential length of the metal ring W into the stand- 
ard circumferential length. JU e d isplac ement to be given 
to t^ correcting^ m 

[0070] Then, the controller 31 actuates again the cyl- 
inder 14 to cause the table 16 to bear the first counter- 
weight 10, releasing the driven roller support member 8 
from the load of the first counterweight 1 0. At the same 
time, the controller 31 energizes the servomotor 27 to 
rotate the ball screw 28 to displace the correcting roller 
4 supported on the correcting roller support member 26 
into abutment against the metal ring W. Specifically, the 
ball screw 28 is rotated about its own axis to displace 
the correcting roller 4 upwardly by the displacement 
which has been calculated by the second calculating 
unit 34. At this time, the displacement by which the cor- 
recting roller 4 is displaced is controlled by the number 
of revolutions of the servomotor 27 and the ball screw 
28. 

[0071] When the actual displacement of the correct- 
ing roller 4 has reached the displacement calculated in 
view of the spring back of the metal ring W, the controller 
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31 maintains the displacement of the correcting roller 4 
for several seconds in order to reduce the spring back 
of the metal ring W. Thereafter, the controller 31 revers- 
es the servomotor 27 to return the correcting roller 4 to 
Its original position. Upon return of the correcting roller 
4 to its original position, the controller 31 de-energizes 
the servomotor 27. 

[0072] When the correcting roller 4 is returned to its 
original position, the controller 31 actuates the cylinder 
1 9 to displace the driven roller 3 away from the drive 
roller 2. Since the driven roller 3 is displaced under the 
weight of the first counterweight 10, the driven roller 3 
is displaced automatically in unison with the return of 
the correcting roller 4 to its original position. Therefore, 
when the correcting roller 4 is returned to its original po- 
sition, the metal ring W remains under tension around 
the drive roller 102, the driven roller 103, and the cor- 
recting roller 1 04, and is prevented from being dislodged 
from the circumferential length correcting apparatus 1 . 
[0073] With the circumferential length correcting ap- 
paratus 1 shown in FIG. 1, the correcting roller 4 may 
be displaced only once. However, after the correcting 
roller 4 is returned to its original position, the actual cir- 
cumferential length of the metal ring W may be calcu- 
lated in the same manner as described above, and the 
process of correcting the circumferential length may be 
repeated. The accuracy of the corrected circumferential 
length can be increased by thus repeating the process 
of correcting the circumferential length. 
[0074] When the process of correcting the circumfer- 
ential length is finished according to either one of the 
above sequences, the controller 31 stops the drive roller 
2 against rotation, and actuates the cylinder 14 to cause 
the table 1 6 to bear the first counterweight 1 0, releasing 
the driven roller support member 8 from being displaced 
under the weight of the first counterweight 1 0. Then, the 
controller 31 actuates the cylinder 19 again to press the 
driven roller support member 8, thereby moving the driv- 
en roller 3 toward the drive roller 2. 
[0075] The metal ring W whose circumferential length 
has been corrected is removed from the drive roller 1 02, 
the driven roller 103, and the correcting roller 104. The 
metal ring W can be removed by being gripped by the 
fingers described above. 

[0076] The circumferential length correcting appara- 
tus 1 may be selectively supplied with a metal ring W of 
a certain kind selected from the plural kinds of metal 
rings W. In this case, the standard circumferential length 
selected by the selecting unit 33 may be preset to the 
one corresponding to the metal ring W of the certain 
kind. However, a metal ring W of another kind may pos- 
sibly be supplied, instead of the metal ring W of the cer- 
tain kind, from the solution treatment process to the cir- 
cumferential length correcting apparatus 1 . 
[0077] When the first calculating unit 32 calculates the 
actual circumferential length of the metal ring W, the 
controller 31 enters the calculated actual circumferential 
length into the selecting unit 33, and determines wheth- 



er the actual circumferential length of the supplied metal 
ring W corresponds to the preset standard circumferen- 
tial length or not. If the controller 31 confirms that the 
actual circumferential length of the supplied metal ring 

5 W corresponds to the preset standard circumferential 
length , then the second calculating unit 34 compares the 
actual circumferential length and the standard circum- 
ferential length with each other, calculates a displace- 
ment for the correcting roller 4, and corrects the circum- 

10 ferential length of the metal ring W in the same manner 
as described above. 

[0078] If the actual circumferential length of the sup- 
plied metal ring W falls out of the range of the actual 
circumferential length corresponding to the preset 
is standard circumferential length, then the controller 31 
actuates again the cylinder 1 4 to cause the table 1 6 to 
bear the first counterweight 10, releasing the driven roll- 
er support member 8 from being displaced under the 
weight of the first counterweight 10. Then, the controller 
31 stops the drive roller 2 against rotation, and actuates 
the cylinder 1 9 again to press the driven roller support 
member 8, thereby moving the driven roller 3 toward the 
drive roller 2. The metal ring W is removed from the drive 
roller 1 02, the driven roller 1 03, and the correcting roller 
1 04. The metal ring W can be removed by being gripped 
by the fingers described above. 

[0079] In the process of correcting the circumferential 
length of a metal ring W, which is performed on the cir- 
cumferential length correcting apparatus 1, when the 
correcting roller 4 is displaced upwardly while the first 
counterweight 1 0 is being borne by the table 1 6 to re- 
lease the driven roller support member 8 from being dis- 
placed under the load of the first counterweight 1 0, the 
driven roller support member 8 is abruptly displaced to- 
ward the drive roller 2, tending to bring the drive roller 
support member 6 and the driven roller support member 
8 into collision with each other. However, the cylinder 19 
whose piston rod 20 is connected to the driven roller 
support member 8 presents a resistance to the displace- 
ment of the driven roller support member 8 toward the 
drive roller 2, and serves as a braking rneans. As a re- 
sult, the driven roller support member 8 is prevented 
from being abruptly displaced toward the drive roller 2, 
thus preventing unwanted collision between the drive 
roller support member 6 and the driven roller support 
member 8. 

[0080] The circumferential length correcting appara- 
tus 1 shown in FIG. 1 employs the cylinder 19 whose 
piston rod 20 is connected to the driven roller support ~- 
member 8 as a means for moving the driven roller 3 to- 
ward the drive roller 2. However, a circumferential length 
correcting apparatus 41 according to another embodi- 
ment of the present invention as shown in FIG. 3 em- 
ploys a second counterweight 43 connected to the driv- 
en roller support member 8 by a wire 42 as such a 
means for moving the driven roller 3 toward the drive 
roller 2. 

[0081] In the circumferential length correcting appa- 
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ratus 41, specifically, the wire 42 extends horizontally 
toward the drive roller support member 6, and has an 
end connected to the drive roller support member 8 and 
an opposite end coupled to the second counterweight 
43. The second counterweight 43 is vertically down- 
wardly suspended by a roll 45 engaging the wire 42 and 
rotatably supported on a bracket 44 which is mounted 
on a proximal portion of the mount 11 that is vertically 
disposed on the base 5 near the drive roller 2. 
[0082] When the driven roller support member 8 is re- 
leased from being displaced by the first counterweight 
1 0, the driven roller 3 is slid along the guide rail 7 toward 
the drive roller 2 under the load (e.g., 5 kg) of the second 
counterweight 43; When the second counterweight 43 
is borne upwardly by a table 48 mounted on the tip end 
of a piston rod 47 of a cylinder 46 which is mounted on 
a leg 5b of the base 5, the second counterweight 43 re- 
leases the driven roller support member 8 from being 
displaced under the load thereof. 
[0083] For returning the correcting roller 4 from the 
upwardly displaced position to its original position, the 
circumferential length correcting apparatus 41 shown in 
FIG. 3 uses a third counterweight 50 connected to the 
driven roller support member 8 by a wire 49, rather than 
the first counterweight 10. 

[0084] In the circumferential length correcting appa- 
ratus 41 , specifically, the wire 49 extends horizontally 
away from the drive roller support member 6, and has 
an end connected to the drive roller support member 8 
and an opposite end coupled to the third counterweight 
49. The second counterweight 49 is vertically down- 
wardly suspended by a roll 52 engaging the wire 49 and 
rotatably supported on a bracket 51 which is mounted 
on the proximal portion of the mount 11 that is vertically 
disposed on the base 5 near the driven roller 3. 
[0085] When the correcting roller 3 is returned from 
the upwardly displaced position to its original position, 
the load (e.g., 30 kg) of the third counterweight 50 acts 
on the driven roller support member 8, displacing the 
driven roller 3 away from the drive roller 2. Therefore, 
the metal ring W remains under tension around the drive 
roller 2, the driven roller 3, and the correcting roller 4. 
[0086] When the third counterweight 50 is borne up- 
wardly by a table 55 mounted on the tip end of a piston 
rod 54 of a cylinder 53 which is mounted on the leg 5a 
of the base 5, the third counterweight 50 releases the 
driven roller support member 8 from being displaced un- 
der the load thereof. 

[0087] As shown at an enlarged scale in FIG. 4, the 
correcting roller support member 26 of the circumferen- 
tial length correcting apparatus 1 , 41 engages the spac- 
ers 21 , 22 of the drive roller support member 6 and the 
driven roller support member 8 when the spacers 21 , 22 
abut against each other. The correcting roller 4 has its 
axis positioned on a vertical perpendicular bisector H of 
the interaxial line between the drive roller 2 and the driv- 
en roller 3 at the time the spacers 21 , 22 abut against 
each other. Therefore, when the correcting roller 4 is 
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progressively displaced upwardly, as shown in FIG. 5, 
the axis A of the drive roller 2, the axis B of the driven 
roller 3, and the axis C of the correcting roller 4 are re- 
lated to each other at all times according to AC = BC. 

s [0088] As a consequence, when the metal ring W is 
trained around the drive roller 2, the driven roller 3, and 
the correcting roller 4, equal loads are applied to a por- 
tion W AC of the metal ring W which extends between the 
correcting roller 4 and the drive roller 2 and a portion 

10 w BC of the metal ring W which extends between the cor- 
recting roller 4 and the driven roller 3. Therefore, after 
the circumferential length of the metal ring W has been 
corrected, its width, wall thickness, and other dimen- 
sions are highly accurate. 

15 [0089] As shown in FIG. 6, the correcting roller 6 of 
the circumferential length correcting apparatus 1 , 41 
has an outer circumferential surface 61 which is of an 
arcuate transverse, cross-sectional shape. When the 
correcting roller 6 is displaced by the servomotor 27 and 

20 the ball screw 28 to plastically deform the metal ring W, 
the arcuate shape of the outer circumferential surface 
61 of the correcting roller 6 is transferred to the metal 
ring W, making the metal ring W arcuate in transverse 
cross section, as shown in FIG. 7. 

25 [0090] When a plurality of metal rings W, each having 
an arcuate transverse cross -sectional shape, are lami- 
nated together as indicated by the arrows in FIG. 7 to 
produce a metal belt for use in a continuously variable 
transmission, the metal rings W are easily kept in the 

30 laminated state because the metal rings W have their 

=*- arcuate surfaces 62 held in mutual engagement. 

[0091] While the metal ring W is being processed up 
to the solution treatment process, the metal ring W may 
be deformed such that its laterally spaced circumferen- 

35 tial edges 63a, 63b have different circumferential 
lengths, as shown in FIG. 8(a). The different circumfer- 
ential lengths of the circumferential edges 63a, 63b are 
produced when the drum is deformed into a tapered 
shape at the time thin sheet of managing steel or the like 

40 is welded into the drum or when the metal ring W is de- 
formed into a tapered shape at the time the drum is 
sliced into the metal ring W. Alternatively, the different 
circumferential lengths occur due to the condition in 
which the metal ring W is held or different rates at which 

45 the metal ring W is cooled after the solution treatment 
process because the metal structure of the metal ring 
W heated in the solution treatment process is trans- 
formed. In FIG. 8(a), the different circumferential lengths 
of the circumferential edges 63a, 63b are shown as ex- 

50 aggerated. 

[0092] If the metal ring W were corrected for its cir- 
cumferential length with the different circumferential 
lengths of the circumferential edges 63a, 63b being left 
uncorrected, the difference between those different cir- 

55 cumferential lengths may tend to increase in subse- 
quent aging and nitriding processes. When the drive roll- 
er 2 is rotated for correcting the circumferential length 
of the metal ring W, the metal ring W is transversely dis- 
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placed from the center of the correcting roller 4 toward 
a shorter circumferential edge thereof (corresponding to 
the circumferential edge 63a in FIG. 8(a)) along the ar- 
cuate shape of the outer circumferential surface 61 of 
the correcting roller 4. As a result, no desired arcuate 
shape may not be imparted transversely to the metal 
ring W which has been corrected for its circumferential 
length, or the metal ring W may be dislodged from the 
correcting roller 4 and may not be corrected for its cir- 
cumferential length. 

[0093] According to the present embodiment, while 
the drive roller 2 is being stopped against rotation, the 
driven roller 3 is displaced away from the drive roller 2 
to apply a load to the metal ring W to make it plastically 
deformable. The load is greater than a load to apply ten- 
sion to the metal ring W, but does not need to be large 
enough to correct the circumferential length of the metal 
ring W. 

[0094] As a consequence, as shown in FIG. 8(b), the 
metal ring W is corrected into a shape along the outer 
circumferential surface 64 of the drive roller 2 and the 
outer circumferential surface 65 of the driven roller 3, 
making the circumferential lengths of the circumferential 
edges 63a, 63b equal to each other. 
[0095] When the circumferential lengths of the cir- 
cumferential edges 63a, 63b have been equalized, the 
drive roller 2 is rotated, the circumferential length of the 
metal ring W is measured, and the correcting roller 4 is 
displaced to apply a load to the metal ring W to correct 
its circumferential length by way of plastic deformation, 
thus correcting the circumferential length of the metal 
ring W into a given circumferential length, in the manner 
described above. The load applied to the metal ring W 
to correct its circumferential length is greater than the 
load applied thereto to eliminate the difference between 
the circumferential lengths of the circumferential edges 
63a, 63b. 

[0096] When the circumferential lengths of the cir- 
cumferential edges 63a, 63b of the metal ring w are dif- 
ferent from each other, the different circumferential 
lengths may be corrected by an apparatus having cor- 
recting roller tilting means shown in FIGS. 9 through 1 3. 
[0097] The apparatus shown in FIG. 9 is a modifica- 
tion of the circumferential length correcting apparatus 1 , 
41 . A correcting roller tilting means 71 comprises a mov- 
ing member 72 coupled to the ball screw 28 shown in 
FIGS. 1 and 3, a correcting roller support member 26 
tiltably mounted on the moving member 72, the correct- 
ing roller 4 being rotatably mounted on the correcting 
roller support member 26, and a pair of tilting members 
73a, 73b for tilting the correcting roller support member 
26. The moving member 72 is slidable along a vertical 
guide rail 74, so that the correcting roller support mem- 
ber 26 can be vertically displaced by the ball screw 28 
through the moving member 72. 

[0098] The tilting members 73a, 73b are wedge- 
shaped in vertical cross section and have respective 
slanted surfaces 75 on one side thereof. The tilting 



members 73a, 73b can be wedged, i.e., inserted under 
pressure, between the moving member 72 and the cor- 
rectingToiier support member 26 by pressing screws 76, 
77 that are supported on the moving member 72. The 
5 slanted surfaces 75 are slidably pressed against the cor- 
recting roller support member 26 to tilt the correcting roll- 
er support member 26 with respect to the moving mem- 
ber 72. 

[0099] When the distance that the tilting members 

10 73a, 73b are inserted is adjusted by the respective 
pressing screws 76, 77, the correcting roller support 
member 26 can be tilted through a desired angle with 
respect to the moving member 72. When the correcting 
roller support member 26 is tilted, the axis Z of the cor- 

15 recting roller 4 rotatably mounted on the correcting roller 
support member 26 is vertically tilted. 
[0100] In the circumferential length correcting appa- 
ratus 1 , 41 which incorporate the correcting roller tilting 
means 71 , the difference between the different circum- 

20 ferential lengths of the circumferential edges 63a, 63b 
of the metai ring W is measured, recognizing an inclina- 
tion of the metal ring W as shown in FIG. 10(a), i.e., a 
radially inward inclination of the metal ring W from the 
circumferential edge 63b toward the circumferential 

25 edge 63a. 

[01 01 ] Then, as shown in FIG. 9, the distance that the 
tilting members 73a, 73b are inserted between the mov- 
ing member 72 and the correcting roller support member 
26 is adjusted by the pressing screws 76, 77, thereby 

30 tilting the axis Z of the correcting roller 4 to match the 
inclination of the metal ring W. 

[0102] Thereafter, the metal ring W is trained around 
the drive roller 2, the driven roller 3, and the correcting 
roller 4. At this time, as shown in the side elevational 

35 view of FIG. 10(a), the metal ring W is trained around 
the drive roller 2, the driven roller 3, and the correcting 
roller 4 so as to direct the inclination of the metal ring W 
obliquely across the tilted axis Z of the correcting roller 
4. As shown in the plan view of FIG. 10(b), the metal 

40 nng W trained around the drive roller 2, the driven roller 
3, and the correcting roller 4 is kept under tension, and 
while the drive roller 2 is being rotated, the circumferen- 
tial length of the metal ring W is measured, and then the 
correcting roller 4 is displaced to apply a load to the met- 

45 a l ring W to correct its circumferential length by way of 
plastic deformation, thus correcting the circumferential 
length of the metal ring W into a given circumferential 
length. 

[0103] Because the axis Z of the correcting roller 4 is 
so tilted obliquely across the inclination of the metal ring 
W, as shown in the plan view of FIG. 10(c), the inclina- 
tion of the metal ring W due to the different circumfer- 
ential lengths of the circumferential edges 63a, 63b 
thereof is eliminated, so that the circumferential length 
55 of the metal ring W can be corrected highly accurately. 
[01 04] The correcting roller tilting means 71 shown in 
FIG. 9 may be replaced with a correcting roller tilting 
means 78 shown in FIG. 11 which has a single tilting 
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member 73 interposed between the moving member 72 
and the correcting roller support member 26. The tilting 
member 73 is wedge-shaped in vertical cross section 
and has a slanted surface 75 on one side thereof for 
tilting the correcting roller support member 26 with re- 5 
spect to the moving member 72. 

[0105] Alternatively, the correcting roller tilting means 
71 , 78 shown in FIGS. 9 and 1 1 may be replaced with a 
correcting roller tilting means 81 shown in FIG. 12. 
[0106] As shown in FIG. 12, the correcting roller tilting w 
means 81 comprises a moving member 82 coupled to 
the ball screw 28 shown in FIGS. 1 and 3, a correcting 
roller support member 26 swingably mounted on the 
moving member 82, the correcting roller 4 being rotata- 
bly mounted on the correcting roller support member 26, * $ 
and a swinging means 83 for swinging the correcting 
roller support member 26. 

[01 07] The moving member 82 comprises a first base 
85 slidable along a pair of vertically extending guide rails 
(one shown in FIG. 12), and a bearing arm 86 extending 20 
horizontally from an end (lower end in FIG. 12) of the 
first base 85. 

[01 08] The correcting roller support member 26 com- 
prises a second base 87 extending along the first base 
85 of the movi ng member 82, and a correcting roller sup- 25 
port bracket 88 on the lower end of the second base 87 
and on which the correcting roller 4 is rotatably support- 
ed. The correcting roller support bracket 88 has an abut- 
ment 89 on its lower end which has a semicircular cross- 
sectional shape. The abutment 89 is borne by the bear- 30 
ing arm 86 that has a recess 90 in which the abutment 
89 is seated. The second base 87 of correcting roller 
support member 26 is swingable about the abutment 89 
in directions toward and away from the first base 85 of 
the moving member 82. 35 
[01 09] The swinging means 83 comprises a servomo- 
tor 91 mounted on the first base 85 of the moving means 
82, and a ball screw 92 coaxially coupled to the rotatable 
shaft of the servomotor 9 1 . The ball screw 92 is rotatably 
supported by the first base 85 of the moving member 82 *o 
and extends horizontally therethrough, and is coupled 
to the second base 87 of the correcting roller support 
member 26 by a threaded member 93 that is threaded 
over the ball screw 92. As shown in FIG. 13, the thread- 
ed member 93 is angularly movably supported on the 45 
second base 87 by a pair of pivot shafts 95 that are 
swingably mounted in the second base 87 by respective 
inserts 94 such as ball bushings or the like. The pivot 
shafts 95 and the inserts 94 allow the threaded member 
93 to swing smoothly in response to swinging movement so 
of the second base 87. 

[0110] The swinging means 83 also has a swinging 
controller 96 shown in FIG. 14. The swinging controller 
96 is connected to the servomotor 91 and a measuring 
unit 97 for measuring the difference between the circum- 55 
ferential lengths of the circumferential edges 63a, 63b. 
The swinging controller 96 controls operation of the ser- 
vomotor 91 based on the difference between the circum- 



ferential lengths which is measured by the measuring 
unit 97. 

[0111] The circumferential length correcting appara- 
tus 1, 41 which incorporate the correcting roller tilting 
means 81 operate as follows: First, the measuring unit 
97 measures the difference between the different cir- 
cumferential lengths of the circumferential edges 63a, 
63b of the metal ring W, recognizing an inclination of the 
metal ring W as shown in FIG. 10(a), i.e., a radially in- 
ward inclination of the metal ring W from the circumfer- 
ential edge 63b toward the circumferential edge 63a. 
The direction in and the amount by which the metal ring 
W is inclined, as measured by the measuring unit 97 are 
entered into the swinging controller 96, which energizes 
the servomotor 9 1 to tilt the axis Z of the correcting roller 
4 in a direction that counters the inclination of the metal 
ring W. Specifically, the rotatable shaft of the servomotor 
91 is rotated a given number of revolutions by the swing- 
ing controller 96, rotating the ball screw 92 to cause the 
threaded member 93 to tilt the second base 87 of the 
correcting roller support member 26. As a result, as 
shown in FIG. 21 , the axis Z of the correcting roller 4 is 
tilted as indicated by the dot-and-dash lines. 
[0112] Then, the metal ring W is trained around the 
drive roller 2, the driven roller 3, and the correcting roller 
4 so as to direct the inclination of the metal ring W ob- 
liquely across the tilted axis Z of the correcting roller 4. 
The metal ring W trained around the drive roller 2, the 
driven roller 3, and the correcting roller 4 is kept under 
tension, and while the drive roller 2 is being rotated, the 
circumferential length of the metal ring W is measured, 
and then the correcting roller 4 is displaced to apply a 
load to the metal ring W to correct its circumferential 
length by way of plastic deformation, thus correcting the 
circumferential length of the metal ring W. into a given 
circumferential length. 

[01 1 3] Inasmuch as the axis Z of the correcting roller 
4 is tilted obliquely across the inclination of the metal 
ring W, the inclination of the metal ring W due to the 
different circumferential lengths of the circumferential 
edges 63a, 63b thereof is eliminated, so that the circum- 
ferential length of the metal ring W can be corrected 
highly accurately. 

[0114] The action to train the metal ring W around 
drive roller 2, the driven roller 3, and the correcting roller 
4 and the action to tilt the correcting roller 4 may be 
made one after another or simultaneously. 

Industrial applicability: 

[01 1 5] The apparatus for correcting the circumferen- 
tial length of a metal ring according to the present inven- 
tion can be used in an application to automatically cor- 
rect the circumferential length of a metal ring for use as 
an element of a metal belt for a continuously variable 
transmission. 
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Claims 

1. An apparatus for correcting the circumferential 
length of a metal ring, comprising: 

a drive roller and a driven roller positionable 
closely to each other for training a metal ring 
therearound; 

a correcting roller disposed between said drive 
roller and said driven roller; 
first displacement applying means for displac- 
ing said drive roller and said driven roller away 
from each other when the metal ring is trained 
around said drive roller, said driven roller, and 
said correcting roller; 

spacing means for spacing said drive roller and 
said driven roller a predetermined distance 
from each other when said drive roller and said 
driven roller are released from being displaced 
by said first displacement applying means; 
second displacement applying means for dis- 
placing said correcting roller in a direction per- 
pendicular to the direction in which said drive 
roller and said driven roller are displaced by 
said first displacement applying means and al- 
so to extend said metal ring, thereby to correct 
the circumferential length of said metal ring 
while said drive roller and said driven roller are 
being spaced said predetermined distance 
from each other; and 

third displacement applying means for displac- 
ing said drive roller and said driven roller toward 
each other when said drive roller, said driven 
roller, and said correcting roller are released 
from being displaced by said first displacement 
applying means and said second displacement 
applying means. 

2. An apparatus according to claim 1 , wherein said 
second displacement applying means comprises 
means for releasing said correcting roller to return 
the correcting roller to an original position thereof 
after having displaced said correcting roller in the 
direction perpendicular to the direction in which said 
drive roller and said driven roller are displaced by 
said first displacement applying means and also to 
extend said metal ring, thereby to correct the cir- 
cumferential length of said metal ring, wherein said 
first displacement applying means comprises 
means for displacing said drive roller and said driv- 
en roller away from each other to keep the metal 
ring trained around said drive roller, said driven roll- 
er, and said correcting roller when said second dis- 
placement applying means releases said correcting 
roller to return the correcting roller to the original po- 
sition thereof, and releasing said drive roller and 
said driven roller from being displaced away from 
each other after said correcting roller is returned to 



the original position thereof, and wherein said third 
displacement applying means comprises means for 
displacing said drive roller and said driven roller to- 
ward each other after said correcting roller is re- 
5 leased from being displaced by said second dis- 

placement applying means. 

3. An apparatus according to claim 1 or 2, wherein 
said first displacement applying means comprises 

w a wire having one end connected to one of said 
drive roller and said driven roller and extending hor- 
izontally from the other of said drive roller and said 
driven roller, a first counterweight connected to the 
other end of said wire and suspended vertically by 

is a roll engaging said wire for displacing said drive 
roller or said driven roller through said wire, and a 
table for bearing said first counterweight upwardly 
to release said drive roller or said driven roller from 
being displaced by said first counterweight. 

20 

4. An apparatus according to claim 1 or 2, further com- 
prising a drive roller support member on which said 
drive roller is rotatably supported and a driven roller 
support member on which said driven roller is rotat- 
es ably supported, said spacing means comprising a 

pair of abutments projecting respectively from said 
drive roller support member and said driven roller 
support member toward each other for abutment 
against each other. 

30 

5. An apparatus according to claim 1 or 2, wherein 
said second displacement applying means com- 
prises a ball screw connected to said correcting roll- 
erfor displacing said correcting roller in the direction 

35 perpendicular to the direction in which said drive 
roller and said driven roller are displaced by said 
first displacement applying means and also to ex- 
tend said metal ring, and a servomotor for rotating 
said ball screw about its own axis. 

40 

6. An apparatus according to claim t or 2, wherein 
said third displacement applying means comprises 
a cylinder having a piston rod connected to said 
drive roller or said driven roller for displacing one of 

45 said drive roller and said driven roller toward the 
other thereof . 

7. An apparatus according to claim 1 or 2, wherein 
said third displacement applying means comprises 

50 a wire having one end connected to one of said 
drive roller and said driven roller and extending hor- 
izontally toward the other of said drive roller and 
said driven roller, a second counterweight connect- 
ed to the other end of said wire and suspended ver- 

55 tically by a roll engaging said wire for displacing said 
drive roller or said driven roller toward the other 
thereof through said wire, and a table for bearing 
said second counterweight upwardly to release said 
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drive roller or said driven roller from being displaced 
by said second counterweight. 

8. An apparatus according to claim 1 or 2, further com- 
prising braking means for preventing said drive roll- 
er and said driven roller from being abruptly moving 
toward each other when said metal ring is extended 
by said second displacement applying means. 



9. An apparatus according to claim 8, wherein said 
third displacement applying means comprises a cyl- 
inder having a piston rod connected to said drive 
roller or said driven roller for displacing one of said 
drive roller and said driven roller toward the other 
thereof, said braking means comprising said cylin- 
der. 

10. An apparatus according to claim 8, wherein said 
third displacement applying means comprises a 
wire having one end connected to one of said drive 
roller and said driven roller and extending horizon- 
tally toward the other of said drive roller and said 
driven roller, a second counterweight connected to 
the other end of said wire and suspended vertically 
by a roll engaging said wire for displacing said drive 
roller or said driven roller toward the other thereof 
through said wire, and a table for bearing said sec- 
ond counterweight upwardly to release said drive 
roller or said driven roller from being displaced by 
said second counterweight, said braking means 
comprising a wire having one end connected to the 
roller to which said second counterweight is con- 
nected and extending horizontally from the other 
roller, a third counterweight connected to the other 
end of said wire and suspended vertically by a roll 
engaging said wire for braking said roller to which 
said second counterweight is connected and said 
other roller against abrupt movement toward each 
other, and a table for bearing said third counter- 
weight upwardly to release the rollers from being 
braked by said third counterweight. 

11. An apparatus according to claim 1 or 2, wherein 
said second displacement applying means com- 
prises means for displacing said correcting roller 
along a vertical perpendicular bisector of an inter- 
axial line between said drive roller and said driven 
roller which are spaced the predetermined distance 
by said spacing means. 

12. An apparatus according to claim 1 or 2, further com- 
prising a first calculating unit for calculating the ac- 
tual circumferential length of said metal ring to be 
corrected for the circumferential length thereof, a 
selecting unit for selecting a corrected standard cir- 
cumferential length corresponding to the actual cir- 
cumferential length of said metal ring which is cal- 
culated by said first calculating unit, and a second 



calculating unit for comparing the actual circumfer- 
ential length of said meta! ring and the selected cor- 
rected standard circumferential length with each 
other and calculating a corrective quantity required 

5 to correct the circumferential length of said metal 

ring into said corrected standard circumferential 
length, wherein said second displacement applying 
means comprises means for displacing said cor- 
recting roller according to the corrective quantity 

10 calculated by said second correcting unit. 

13. An apparatus according to claim 1 or 2, further com- 
prising a calculating unit for calculating the actual 
circumferential length of said metal ring to be cor- 

15 rected for the circumferential length thereof, and a 
selecting unit for selecting a corrected standard cir- 
cumferential length corresponding to the actual cir- 
cumferential length of said metal ring which is cal- 
culated by said calculating unit, wherein said first 
20 displacement applying means comprises means for 
releasing said drive roller and said driven roller from 
being displaced away from each other when the ac- 
tual circumferential length of said metal ring as cal- 
culated by said calculating unit falls out of a range 
25 of the corrected standard circumferential length se- 
lected by said selecting unit. 

14. An apparatus according to claim 1 or 2, wherein 
said correcting roller has an outer circumferential 

30 surface having an arcuate cross-sectional shape 
which is convex at a center thereof in a transverse 
direction thereof. 

1 5. An apparatus according to claim 1 .or 2, further com- 
35 prising correcting roller tilting means for tilting the 

axis of said correcting roller depending on the dif- 
ference between opposite circumferential edges of 
said metal ring. 

16. An apparatus according to claim 15, wherein said 
correcting roller tilting means comprises a moving 
member coupled to said second displacement ap- 
plying means for movement in the direction to ex- 
tend said metal ring, a correcting roller support 

45 member tiltably mounted on said moving member, 
said correcting roller being rotatably supported on 
said correcting roller support member, and a tilting 
member inserted between said moving member 
and said correcting roller support member and hav- 
50 ing a slanted surface for tiling the axis of said cor- 
recting roller. 

17. An apparatus according to claim 15, wherein said 
correcting roller tilting means comprises a moving 

55 member coupled to said second displacement ap- 
plying means for movement in the direction to ex- 
tend said metal ring, a correcting roller support 
member tiltably mounted on said moving member, 
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said correcting roller being rotatabfy supported on 
said correcting roller support member, and swinging 
means for swinging said correcting roller support 
member to tilt the axis of said correcting roller. 

18. An apparatus according to claim 17, wherein said 
correcting roller support member has a base ex- 
tending in the direction to extend said metal ring, 
said correcting roller being rotatably supported on 
said base, and a cross-sectionally arcuate abut- 
ment disposed on one end of said base, and said 
moving member comprises a base extending in the 
direction to extend said metal ring, and a bearing 
member joined to said base and having a recess for 
bearing said abutment which is seated therein, and 
wherein said swinging means comprises means for 
moving the opposite end of said base of said cor- 
recting roller support member toward or away from 
the base of said moving member thereby to swing 
said correcting roller support member. 

19. An apparatus according to claim 18, wherein said 
swinging means comprises a ball screw rotatably 
supported by the base of said moving member and 
extending in a direction to move the opposite end 
of said base of said correcting roller support mem- 
ber toward or away from the base of said moving 
member, a threaded member pivotally supported by 
the base of said correcting roller support member 
and threaded over said ball screw, a servomotor for 
rotating said ball screw about its own axis to cause 
said threaded member to swing said correcting roll- 
er support member, and a controller for controlling 
said servomotor to tilt the axis of said correcting roll- 
er depending on the difference between the oppo- 
site circumferential edges of said metal ring. 
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